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Dynamic Scoring for Tax Legislation: A Review of Models

Summary

Dynamic¢c scoring for tax legislation has been dis
required, since 2003, that the Joint Committee o
impact analysis of legislation to amend the Inte
it 1is mnmot calculable. ThS. CamyJRamst.c Bk das ca Baudmetl a
provision for the Congressional Budget Office (C
of ficial revenue esti maltat,i vweutp rcoopuosda lasf.f ect view
Of ficial revenue estimates include many behavior
scoring allows for changes in GDP. Models for es
government agencies and ae aidretmeircess taercde icmo mby n acmit ce
effects on GDP, the stl anolkd ®Hhsixsamsar.ye paoprpte, a ra 1tt oh obueg h 1
technical itself, examines the models wused for d
and how consmstentarttheit hr esmporical evidence. Tt
the major findings of the report.

Revenue neutral income tax reform that 1owers st
base, although assumed byyscwmattracgtpthegeaecwhnlbmyec
broadening, by making more income subject to tax
rate reductions Models must take these effects
tax reform

When taxasei me decrease, some effects that have
than others to include in the analysis. Some mod
are transitory and can only matt dhewkematyhaond be
appropriate to consider in evalwuating per manent
including effects of deficits or surpluses 1in 71e
government borrowidfgeckns betphycadaovespemnlle ng as we
Sometimes c¢claims are made that the feedback effe
revenue lesnpptefdiegt s that increase GDP and the
estimarespbnskes of Il abor supply or savings to ta
feedback effect from a simple and flexible growt
evidence of supply responses, which are smal.]ll an
Mor e Iceoxmpmodel s for studying supply side effects
more rigid theoretical structure, produce simila
assumptions of the models ar e acboonrs issutpepnlty .wiAt hr etvh
models currently or recently used by government
generally the casé (mondeelx)cception is the JCT
Effects of tax cuts on capital inceme¢iagn be |ar
shifting of consumption and leisure to periods f
larger ussnhoirtcreases in labor supply and saving, a
may be unlikely. One qaftsffoommal st whet herntthlee den
their empirical weaknesses.
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1 The first CRS report on this issuRynamic Revenue Estimatiby Jane G. Gravelle (CRS Report9ad00,

December 14, 1994, now archived but available to congressional clients from the author upon request) linked the
growing interest in the last few years to the greater importance of revenue estimates under lesdpet provided
additional constraints on tax cuts and spending changes. For example, the Budget Enforcement Act of 1990 provided
for PAYGO rules. Se€RS Report R4190KtatutoryBudget Controls in Effect Between 1985 and 2@092Megan S.

Lynch, for a discussion of these rules.

2 See excerpt from Congressional Recd#h Cong. Rec. H38232 at https:/ivww.jct.govipublications.htmlfinc=
startdown&d=1191 Other JCT documents relating to macroeconomic analysis can be fdittmbatwww.jct.gov/
publications.htmlfunc=select&id=4.
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as requiring a dynamic scoorcpoecguimg tmheroftfonbn
legislative changes on aggregate economic output
to incorporating those macroeconomic effects. It
l egislation becaauwssSeecup pi’erfdfedtsgison s hmamypges i1in | abot
savings) due to changes in effective average and
How Dynamic Scoring Differs from Curre
Tax Legislation

Current revenue esti matxeast iboyn tihnec 1Juodien ta Cvoanrmietttye e
economic behavioral resphmrs eesx armpmlte ,a fifrecrte aseivieg u
taxes 1is assumed to cause a reduction in realiza
variety of o¢hpondbehaasaroeradnsidered in preparing
however, keep total output (i.e., GDP) fixed. Ef
but are mnot includ%d in formal scorekeeping.
What Determines the Ecoanmewinei ¢S cEofrfiencgt s f
The effects of dynamic scoring on revenues depen
included, the types of models wused, and the magn
incorporate@hreethgpmedoeli. ebfiesctierbhdvenbprevious
Joint Committee on Taxation and the Congressiona
effect where a tax cut increases demand and outop
increase redecedffectpotf; deZjctihs or surpluses on
investment due to government borrowing; and (3)
in labor supply, domestic savings, and net 1inves
effttive tax rates).

There are reasons to consider only the supply si
with spending changes. There are especially stro
permanent c¢changes idne ptehned toanx fciosdcea Is htoiunlidn gn.o tTh at
code change should not be evaluated more or 1ess
recession Moreover, the short run stimulus effe
Supply ssdftremfeax cuts are often presumed to 1in
increase or decrease output because of offsettin
increasing income, causes an 1ncrleeisseurien, cwhiscuhmp
reduces labor supply. This effect is the 1ncome
cause leisure to be more costly relative to cons
effect 1s the s ulsdt istutbtsitdnt ue fi foenc te.f flecdsme las 0 o0 ¢ «
in the tax rate on the return to savings, and th
now and more in the future, reducing savings. Th
3 Conventional scoring and macroeconomic analysis is discussed in Joint Committee on Tauatioary of

Economic Models and Estimating Practices of the Staff of the Joint Committee on TalaXet-11, September 19,

2011, athttps://lwww.jct.govpublications.htmlifunc=startdown&d=4373

4JCT>s documents rtelating ¢t o hitps/mwwnejat.gowublications.tmifinc=y s i s can be
select&id=4.

5 Elasticities measure the underlying supply side relationship, for example, by what percentage does labor supply
increase or decrease for a given percentage change in wages. In s@tsetheydare explicit, while in others they

must be derived from other parameters.
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the lower tax rate (and higher yield) makes the 1
savings, the substitution effect. These effects
percentage change in quantitiycaiorn diendc dme .t hEBompea
if the labor supply elasticity with respect to t
cause a 2% (0.2 times 10%) increase in labor sup
The projected effects of a tax ehagmgeobntbatpack
change, the type of model, and the magnitude of
di fferent types of models for estimating supply
labor and savings suppty o€spenmimg a&pnpdwagesntad
with a complex theoretical structure in which 1in
t i me. The behavioral responses rely on many aspe
al ways transparent .

Duing the budget horizon, labor supply 1is 11ikel.,
additional capital tends to accumulate slowly. C
capital stock increases, wi tghe laafbfoerc tssu ptphley ctahpei tl
by affecting savings or investment, which is typ
the saving rate increased by 50% in the first ye
1 % Outside thecdbmidtgaelt avd amawWmwl ation may become m
refor ms, can dominate the effects on 1labor.

Special Issues with Revenue Neutral Ta

With a revenue mneutral tax refor m, where rate cu
gemally on supply side effects, since the effect
crowding out should be negligible. Moreover, 1n
effects in the aggregate to 71 eadluocnee .s ulpfp ltyh ea sc hvaonu
also distributionally neutral any effects arisin
focus of dynamic effects is on substitution effe
In a tax reform, it 1is crucialottobea emoagsnurzed tshalt
by statutory HIAMHMYdkYHamglk st a T heate determines thi
changes in the income base that change the share
marginal effectiibvlee tfaoxr rbaatsee. blrto aidse npionsgs pr ovi si o
marginal tax rates more than enough to offset th
a contraction rather than an expansion in output
This potential for Dbiansael berfofaedcetniivneg rtaot easf fneecatn smatr
project the effects of a base broadening tax r1ef
how the revenue is to be offset by base broadeni

Expected Supply Side Effects of Dynami

Whetnhere is a revenue |l oss or gain or when margi

supply side responses. The following points can
X In simple transparent supply side models that
and savings irceastpeodn sbeys eansp iirnidc al evi dence, fee
revenues are expected to be small, in the ne.i
revenue loss will be reduced by 3% to 8%, an«
by 3% to 8% in an o vbeer asllli gthatxl yc ulta.r gEefrf eicnt so pnei
economies.
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X More complex intertemporal models can yield s
wage tax cuts, if similar elasticities are eI
spending mus mat ch taxsesdeipe ntdh o nl dimgv rdwerf,i csic
or surpluses are addressed. An examination of
indicates that many of these models have 1 mpl
supply that are much Il arger rtchwtnh t hose that :
models, or that can be supported with empiric
intertemporal model, however, has elasticitie
studies

X Responses in intertemporal models to changes
l ar gee. mniohdeesl s have a rigid structure that <cau
reflect reducing consumption today for more
future to a degree that is wunlikely and not ¢
cause an 1 ncprpelays et oi ns hliafbtorl esius ure from the pr
in the future that 1s also not Ilikely or supit
question is whether the more desirable theor:c
balances the lack of empirical justification.

The remainder of this report provides a more det

Types of Effects and Types of

Dynamic scoring normally employs models of the a
there is a single rate ofs wppluy no fa ncda pai tsailn;g 1 ceh at ny
which affect the rate of return directly or indi
These models typically do not address certain fe
tax revenues ampareldatiovehydi vmadluhlcdax revenues,
have significant effects on the overall rate of
effects on savings T1Tates. Corporate taxes, howeyv
effeecapidoml, because they may affect flows of ¢ a
process could occur more quickly than the effect
aggregate models have relati weflfye cpr,i milttihwen g(hi fc oa
models that focus separately on international «ca

Aggregate Models of the Economy
There are three types of revenue feedback effect

X sherutn stimulus, or Keynesian (demand side) e

X crowding bHbutdetffetsson investment (and crowdi
surpluses); and

X supply side effects.

Stimulus effects, such as those 1n a tax cut, ca
economy by increasing income and spending Thi s
unemployed individuals and trecoaurcs sbdwapyeo dtulcd i
in federal borrowing due to increased deficits d
private investment. The magnitude of the effect
from foreign sources.

Congressional Research Service R43381 - VERSION - UPDATED 4
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The tkind ttffgect, which is often of the most
effect because it refers to the effects of ta
amount of savings or investmapttdwhstcachkpul d&h
more c¢closely associated with tax changes, alt
we | 1 (For example, spending on infrastructur
productivi-tysteddtmeenasf ecranpay fect work incent
These different effects may mnot be precisely
which can cause a change in savings that 1s a
simultaneousl yaadusap@eé manhilldeee d dffefceast)s can b
sensitivity analysis that includes policies t
often does) .

There are three ba types of emnc omhoemti hce rmoadred
they reflect the t

sic
hree types of effects.
h

X Shorrutn model s wi
forecastii
not effec
I3+ M model s .
policy of
for forecasting and tend to have multiple

underempl oyerdnresources

a m
of deecftisc.i t Bheosre smopdelys sardee aelfsf
Th

X Basniecoclassical growth models (also called

t
di nt s tel smuil mast ee fsfleacrtts on aggrega

1 nt
X 0
ndf
hou
e s
1 Ve

sep
s u

—

€
0

(@)

sh o

ty

0 r

ey can only be solved by assum
the Federal Reserve System. They

a1
S € «

S o

estimates of labor and savings supply respon:
for m, assumes full employment and does not c:
capture crowddnguoppl ydfifsdetfst&¢st are driven
labor supply elasticities (percentage change
change in wages) and savings redbhesicities (pce
wi h a percent atgaex cffhaatmeeg aprinn .a ft er

X Intertgmpwmbohhdl s, where individuals allocate 1
within periods and across time. These action:s
and savings responses. These models capture

empl oyment is assumed and deficfRRhe are offset
models are of two for ms. One form is the Rams
where people are repres éTahtee do tbhye ra nf oirnnf iinsi ttehle
overlapping gewgrdeei mwmdeOL&@helkrefagents have
(typically around 55 years to cover the wor ki

new generation is born each year, while an

6 The offset of deficits is not a choice, but a requirement in these forward looking models, as a solution requires solving
for a steadystate or a long run solution thatasymptotically approached. Deficits can exist in these models but they
must have a stable detst GDP ratio. An OLG model with myopia can be solved with deficits.

7 The original Ramsey model was a planning model that was then adapted to the studydfdtoer policies in a

steady state growth model as a descriptive model. Macroeconomists adapted this model to the study of business cycles
due to exogenous shocks, which is referred to as a real business cycle model, which claims to explain buesness cycl
without involuntary unemployment. A term for a more general class of these models is dynamic stochastic general
equilibrium (DSGE) models which can be designed to allow unemployment. Tax economists have tended to favor the
life-cycle form of the intertmporal model, perhaps because it allows distribution across generations that is an

important aspect of shifting to consumption taxes. This model is very difficult to construct. Macroeconomists tend to
favor the simpler infinite horizon model, in part besathey are often interested in business cycles and in

intertemporal shifts of labor in response to wage rates.
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8 Risk causes individuals to have precautionary savings which tend to be less responsive to changes in the rate of
return.lt is possible to aestruct a lifecycle model with myopia, where ageatsume current wages and returns will

continue ande-optimize their labor supply and savinggh period. Other things equal, myopia results in larger

responses to changes in tax rates because agems eognize the feedback effects of their response on these

variables.

9 Certain types of production functions and utility functions indicate a perfect offset and a constant share of total output
in corporate revenues; for others the effect is likelplsrTorporate taxes produce distortions, but those distortions do

not affect aggregate output in a significant way.
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that saving
flows from

is rela vely unrespo
abroad ¢ 1 p ial

ti e
oul d otent i

The Organizations and Researc

Dy nami c

Several gov
effects tha
academic r1e€

Ef fects

ernment organizations have prepared d
t would permit estimates of dynamic f
searchers have constructed models tha

Joint Committee on Taxation (]JCT)

The Joint Committee on Taxation (JCT) i1is the mos
Uu. S. legislative pnepbéel fprbefdusealtscorragpof
The JCT also provides macroeconomic analysis as
least partially) responsible for providing the a
ResolutCdnhafhbeédn preparing and then performing
1997, when they commissioned a number of researc
l abor, savings and other variables ofi ntghe s ame p
approaches. This modeling exercise, along with o
webs%metheir first analysis in 2003, they used 't
macroeconomic effectermmalfioctcoabamli edhheodwmlkd¢ o mme So
growth/ hybrid modgedl e amaddah. OLIGey iddded a Ramsey
that model is current-tycbeimgdebvhaedredbant DLGDb ¢
include corporate tax modeling.

Their Sol odw lhyberaild emdo t he Macroeconomic Growth M
Solow growth model that allows short term stimul
include a direct labyvclsesupptygtmtanstetatgsnantpti
savings effect. In many ways, MEG could be viewe
responses, short run stimulus effects, crowding
consumptio with -ebene mime f gnptoedratfeinmpnosrrasls mo de 1 s

without the labor supply response to the i1interes
sensitivit anal ysis that allows a separation of
ef fHcts.

The JCT has ttehned esch omott tteor musma cr oeconomic model s
their most recent estimates have frequently used

Congressi
CBO has pro

onal Budget Office (CBO)
vided estimates of Bhdgetpopnwmicheiffiet

t apxr ovisions, each year since 2003. It also prov

©The Joint Committee’s Documents relating to macroeconomic
https://www.jct.govpublications.htmifunc=select&d=4.

11 stimulus effects can be eliminated by assuming an offsetting policy of the Federal Reserve. Deficit effects can be
eliminated by assuming offsetting changes imsipeg.

Congressional Research Service

R43381 - VERSION - UPDATED 7



Dynamic Scoring for Tax Legislation: A Review of Models

ferent St pas RCBOdErs charged witrhi ¢ he respons.i

e imates, assisted by the JCT.
The first CBO study employed the same four types
introduced their own supply respofm&€B® into the n
ultimately droppeRamoney oifnfiit si tmo dled ¥d (i thdei d n it s
not wuse any intertemporal modefThen GBQ@RiQGLGecent
model has recé&ntly been revised.

Depart ment of the Treasury Office of ]

The Office ¢OTRIx pAmdloymied two dynamic analyses
Pressdddvisory PainselprootpaoisdaxlosRe fon mt he < xtension
2003 t'Ax cuts.

For their first analysis, OTA used a Solow model
Swlw model had a fixed labor supply but a positi)
analysis of the tax cuts, they used only the OLGC

Ot her Models and Researchers

The Solow growth model is the sbmphe utsedf ptrh enamo
overnment agencies and think tanks to examin
longe®  run.

Shor erm macroeconomic models are largely used
agencies, s uch acse ncternatlr abla nbkasn kasl;s omahnayve- a hybrid
run unemployment with a "Romeeypfinhiesiet molled sz ame

—
—

(¢]

2The initial analysis is described in How CBO Analyzed the
2003, athttp://www.do.govsitestlefaultfiles/cbofilesftpdocsA4xx/doc445407-28-presidentsbudget. pdf

BThe most recent analysis of the President’s budget was 1in
April 20, 2012, ahttp://www.cbo.govpublication42972

14 See Macroeconomic Effects of Alternative Budget Paths, February 201t:Atvww.cbo.govpublication43769

15 This model was presented in Shinichi Nishiyama, Fiscal Policy Effects in a HeterogémmmiOverlapping
Generations Economy With an Aging Population, Congressional Budget Office, Working Papéi720E8ember
2013, http://www.cbo.gowgitestlefaultfiles/cbofilesattachmentg/494 ENishiyama. pdf

16 Robert Carroll, John Diamond, Craig Johnson, and James MakteSlimmary of the Dynamic Analysis @ frax

SBHIRUP 2SWLRQV 3UHSDUHG IRU WKH 3UHVLGHQVNEIDepaGrent BiRHe Trad3@yH O RQ )HGHU
Office of Tax Analysis, May 25, 2006, prepared for the American Enterprise Institute Conference on Tax Reform and

Dynamic Analysis, May2006.This analysis was discussedGRS Report RL335457 KH $GYLVRU\ 3DQHOYV 7D]
Reform Proposaldy Jane G. Gravelle

17U.S. Office of Management and Budget, Fiscal Year 200734ission Review, Budget of the U.S. Government,
July 11, 2006. This analysis is discusse@€RS Report RL3367Revenue Feedback from the 2@m04 Tax Cutshy
Jane G. Gravelle

18 For example, see Robert Carroll and Gerald Prawieg-Run Macroeconomi¢tmpact ofincreasingrax Rates on

High-IncomeTaxpayers in 20L,FErnst & Young LLP, July 2012 http://waysandmearsuse.gowploadedfilesy
study_ongrun_macroeconomic_impact_of_increasing_tax_rates_on_high_income_taxpayers_in_2013__2012_07_16_
finalpdfand Steve Entin and William McBride, Simulating the Ecc
Foundation, Fisal Fact No. 330http://taxfoundation.orgtticlesimulatingeconomieeffectsromneystax-planused a

neoclassical growth model, but reported effects in the tan steady state, and not the transition.

19 For a discussion of these models, 6&S Report R42700 KH 3)LVFDO &OLII" ODFURHFRQRPLF &RQVHT
Increases and Spending Cuty Jane G. Gravelj@and Felix Reichling and Charles Whalen, Assessing the-Skam
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compl e x, with many sectors andMaamrteeacomrtdming . JCT
Advisers andsifBEhdGICBWalrel ies on these models as
model developed b?)¥ the Federal Reserve.

The Ramsey infinite horizon model is generally s
numerous modeling effortssead nmmadealdse mirae amaolr eg ofvreer n
conomists interested in the business <cy

e
rather than modeling tax changes. Tax economists
likely to tucwmld¢omodhel OLWhieclfecan capture interg
even though this model is more difficult to cons
l i-fyecl e modeling has been done by a limrted numb
were Al an Auerbach and Laurence Kotlikoff, and t
constructed a vacyaleé¢omoddlhtehtd COB@nldi fhe Treasur
us%ad an OLG model created by JohnADvasmond, t hroug
LL¢€.

Special Issues As s oNeiuvattreadl wi t

I ncolhmex Ref or m

The Senate Budget Resoluti

argue tax reform should be evenueY2nlelwdt ral, and
(H. Con. Resak&$ this position. Others believe that
Budget Resolufi€onfiBe So¥m&0kdar(lier proposals woul
along with reform, g2fi6Bathy butmabhenmanbhat 2060he
probably be close to revenusee nteauxt rcault sc uhrarveen tsliyn cb
made pef¥Mmamewmednue neutral, or largely revenue ne

on provision was 1inclu
r

Effects on Output of Changes in Federal Fiscal Policies, CBO Working Pape020ay 2012, at
http://www.cbo.gowgitestiefaultfiles/cbofilesattachment&orkingPaper201-D8-Effects_of_Fiscal_Policies.pdf

20 Summary of Economic Models and Estimating Practices of the Staff of the donmhi@ee on Taxation, September
19, 2011, JCX 441, athttps://www.jct.govpublications.htmifunc=startdown&d=4359

2lCBO, The Economic I mpact Aprif20%2hathttpPwwev.cho.dosditestiefaultfie®y 1 3 Budge t
cbofilesattachment§4-20-Economic_Budget.pdf

22 The details of a typical OLG model were geated in Alan J. Auerbach and Laurence J. Kotlikdyihamic Fiscal
Policy, Cambridge University Press, New York, New York, 1987. A version of their model with additional coauthors
Kent Smetters and Jan Walliser was included indthiet Committee On Taxian Tax Modeling Project And 1997 Tax
Symposium Paperdoint Committee Print, November 20, 1997, posted on the JCT welsitpsatwww.jct.gov/
publications.htmlfunc=stardown&id=294Q Another more detailed study with more sectors was David Altig, Alan J.
Auerbach, Laurence J. Kotlikoff, Kent A. Smetters, and Jan Walliser, Simulating Fundamental Tax Reform in the
United StatesAmerican Economic Reviewol. 91, no. 3, Jue 2001, pp. 57595. athttp://www2.wiwi.huberlin.de/
instituteivpol/html/jprof/aer.pdf TheCBO model was initially developed I8hinichi Nishiyamand Kent Smetters,
Consumption Taxes and Economic Efficiency in a Stochastic OLG Model, Technical Working Papér, 2002
December 2002, &ittp://www.cbo.gowgitesiefaultfiles/cbofilesftpdocsAOxx/doc40072002 \6.pdf It includes risk
and different types of households. The JCT symposium included two otheydl®emodels, one by Don Fullerton and
Diane Rogers (now Diane Lim) which had multiple sectors and households anyl Brie Bngen and Bill Gale, which
included risk. Including the discussant Charles Ballard, input was provided from all the multiple generatiaridife
modelers at that time. The JCT symposium also included one infinite horizon model, by Dale W. dcagdrReter J.
Wilcoxin, along with five models that were Solgype models or hybrid macroeconomic/Solow models.

23 John Diamond is the CEO of Tax Policy Advisors, and is at the James A. Baker lll Institute for Public Policy at Rice
University.
2Theseerlier proposals include Congressman Paul Ryan’s propo
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-+ o

nd broadens the base i1is unlikely to have a larg
han expand, thg oeoanonbmydeddpgandi

Il of the effects that might be considered in a
omgn crowding out or in of i1investment through d
i ke

ly be eliminatedutoraldatmpxe nreadf dmm.a revenue ne

- >

Short Run, Sor mDk maEnfdf eScitdse ,

Since there would be no change in income under a
effects on aggregate demand, unless there was a
exalmp, 1f the relative burden shifts to high inc
because lower income individuals tend to spend n
would provide a small contrattabntadA deytisibutsah
virtually no short run stimulus effect

Deficits and Crowding Out or Crowding

on that 1is revenue neutral would hayv
e 1 s ntohec haannagley siins tehxet ednedfsi cbiety.o nldf t h
m that is revenue mneutral 1in the shor
provisions (such as slowing depreciat
in the long run. In addition, flatter
r revenues 1in the long run by reducing re
ax rate in a progressiVYhusaxcsypwtdemgasuteabuldec
r

Supply Side Responses

It is the supply side responses that afe frequen
In a mewdnmuwd aixn ¢ @ io rnno, atghgermeegoamteeee £f e ®tud .d blee r
effects on labor and saving i1if there are distrib
model reflectsditshtorsieb wtfifemcalsl,y buegutar al 1income ta
e f fPEHh s, 1t is the substitution effect t hat 18
neutral tax cut. A rate reduction financed by ba
solely at marginal statutorychafitasred®he basxebbrd
and can affect effective marginal tax rates may
savings an’d investment

cuts and institute revenue neutral tax reform and the House Budget Resolutions for FY2012 and FY2013. See the

Committee For a Responsible Government (BJ-Bbmparison table dittp://crfb.orgtompare Extension of most of

these tax cuts occurred in early in January 2013. This legislation is explaibBSiReport R42700f KH 3)LVFDO

&OLII" ODFURHFRQRPLF &RQVHTXHQFHV RbyJdn¢ GEFAVHOVHY DQG 6SHQGLQJI &XW)

25 See, for example, Curtis S. Dubay, Tax Reform is about Economic Growth, Titegelé-oundation, October 11,
2012, http://www.heritage.orgésearcldommentary2012/10tax-reform-is-abouteconomiegrowthand Dylan
Matthews Why Tax Reform Could Help GrowthVashington PosOctober 16, 2012,
http://www.washingtonpost.coinbgsivonkblogivp/2012/10/16why-tax-reform-could-help-growth/.

26|n OLG models a revenue neutral shift from an income tax to a consumption tax, a subject that &psifeen
focusof modeling using OLG modelsan have pronounced effects due both to intergenerational distribution and the
timing of tax payments. Thigpe of reform, however, is not the type currently under discussion

27 Alan Auerbach and Joel Slemrod indicated that the Tax Reform Act of 1986 left incentives roughly changed. See
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Corporate Tax Reform

This effect on effective marginal t atxe rtaatxes 1 s p
refor m. Moreover, in an open economy changing ta
important for investment (since the corporate ta
taxes on interest and difvdrdeingls iampwpe syt meon tb)o.t hMalso
provisions that could be used for base broadenin
directly offset effects on investment 1incentives
depreciatifon, ai ftatadedy rate reduction, would i
investment and d*Tshciosu reafgfee citn vaersitsneesntb.e cause t he

benefit for old capital wiHile accelerated deprec
Assuming tcaxr ppoerfaotrem i s neutral in the long run, (
tax expenditures other than deferral (which affe
corporate tax rates by aboufPO6t peafntocunnath, g et woo itnot s
three percentage points would be due to eliminat
Some base broadening provisions would, when used
rate reduction, with no ef feecits otnh ei npvreosdtuncetnito.n Aan
deduction, the second largest tax expenditure, e
of a percentage point 1in the statutory tax rate.
percentage pom ndtosmeosnt ipcr opfriotdsu cftrioon i n s ome 1indus
finance a rate reduction, effective rates will r
others with likely no overall effedtunceAhthough i
equity capital inflows because the industries el
multinational corporations, contracting the capi
Eliminating deferral or other provisepns that 1in
which ould allow approximately a three percenta
accelerated depreciation, would likely reinforece
respec to international capitsabsitnfldwon shomd a
effect on the after tax rate of return or saving
There are several other minor tax expenditures,

to accelerated depreciation oditklked yptdhductuuisamgad
other provisions for a revenue neutral corporate
capital and encourage 1investment

The new version of the OLG model wused by JCT had
GDP, fer osnh itfht of intellectual property from fore:

“The Economic Effectd 98 Bouriiahof Ecdhemic Likeeatliresal. 35, moc2t June 1997, pp.

5896 3 2 . Al an Viard, in “St at uTaxd\otgsAugust®20, BOAXpp.O4R47vand Ta x Rat es : ]
Bruce Bartlett, Misunderstanding Tax Expenditures and Tax Rates, Tax Notesnber 22, 2010, pp. 93B2, also

make the general point that revenue neutral tax reform is unlikely to alter work incentives.

2%See Jane G. Gravelle, “Reducing DepreciatNatbonalTax 1 owances t
Journd, Vol. 64, December 2011, pp 163953 and Statement of Jane G. Gravelle Before The Committee on Finance

United States Senate March 6, 2012 on Tax Reform Options: Incentives for Capital Investment and Manufacturing Jane

G. Gravelle, ahttp://www.finance.senate.ghdaringsiearing?id=7ef250995056a03252a27e15ccalbasd

29 A similar effect would occur if research and development costs were expatisetthan capitalized.

30 SeeCRS Report RL3422%orporate Tax Reform: Issues for CongrdssJane G. Gravelléor a translation of base
broadening provisions into the rate reductions they could finance.
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repoirnt ead recent simul’atioaxn od¢f3EThhmisp nalpaonCmachip o f

growth is questionable, Dbecause 1nt elxliescttsu ailt ccaap
be used everywhere. For example, when a firm dis
where the pills are made. When a firm develops t
al gorithm, that knowl odgpga odac thonappleiregydvhea st 1 d4
if the patent is held in country A and licensed
ownership of intehlccedoadinptoprctyasenipthoed Wctivi
St abesg almaste itnput i1is already in existence. Shi fts
but not output. The case is similarly weak for n

trademar ks, firms like -S¢tlaabukbdknse ainhle pofodturca & e tha
regardless of which cou¥ftry ownership rights are

Individual Tax Reform

Taxes can cause three supply side effects: l abor
capital from the rest wmfrehermochd. affidetviHabodr i
savings

In a revenue neutral change, there is generally
negligible Thus, an analysis of revenue neutral
statue¢orwoulad find larger supply side effects th
Labor supply would unambiguously increase from c
intertemporal model s, l abor suppltyl taultsio nr eesfpfoerncd s
means that, with a higher rate of return, future
cheaper so agents work more in the present to sa
behavior would have at hdei rsehcotr ti nrcurne atsher ooung ho uitnpcurte
and also would cause a larger savings response a
8'Macroeconomic Analysis of t2Bb4, Fébfuary 26 RO1Mitps:/Mmvwwajet.gov/o £ 2014, > T

publications.htmlfuinc=startdown&d=4564 This effect is estimated to account for about half the difference between

the 0.2% incr e ahoese MEGmadelt(th286 inith€ flist five yiears) and the new OLG model {&.8%

the first five years). This estimate is based on the unexplained difference from the effects of labor and capital inputs

and their normal shares, based on the more detailed discussion of this effect in another study of the praojmisal. See
W.Diamonda nd George R. Zodrow, Dynamic Macroeconomic Estimates
Tax Reform Proposal, Tax Policy Advisers LLtepared for the Business Roundtablp://businessroundtable.org/
sitesflefaultfiles/reportsDiamond

Zodrow%20Analysis%20for%20Business%20Roundtable_Final%20for%20Relea3bedfCT indicates that this

modeling follows that of Michael P. Devereux and Ruud de M
i n t hlatertafibnal Tax and Public Financegol. 18, no. 1, 2011, pp. 980 and Leon Battendorf, Michael .P.
Devereux, AlbertvanderHort , Si mon Loretz and Ruud de Mooij, “Corporate

Economic Policyvol. 63, 2010, 53590. The authors do not present any empirical evidence to support entering what
they refer to as firaspecific capital into the production fuian, or the importance of it in the economy.

32 A similar critique was made Byilliam McBride, Some Questions Regarding the Diamond and Zodrow Modeling of

Camp Tax Plan, Tax Foundation, March 17, 20th#p://taxfoundation.ordgMogisomequestionsregardingdiamond
andzodrowmodelingcampstax-plan The intangibles effect in the JCT simulation in the OLG model also reflected a

much higheelasticity (percentage shift in profits divided by the percentage point change in the tax rate differential),

8. 6., than the consensus elasticity of 0. 8. See Dhammi ka D
Profit Shifting? A Review of the Empirc a 1 Literature,” I1linois Public Law and I
No. 1423, December 2013.

33 One study of the effects on savings that eliminated all taxes on capital income and replaced them with higher wage
taxes found a savings responsehia life-cycle model with variable labor that was almost five times as large as in a

model with fixed labor. In the infinite horizon model it was about 50% larger. See Eric Engen, Jane Gravelle, and Kent
Smetters, “Dynamic Tax Mdade lysNatofahiTax Jouinglyol. BpSepteinber, Thi n g s
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1997, pp. 65%82.

This approach would overstate supply side effect
broaden the basefftomtlsd @ad stohdamarginal effective
provision, a revenue neutral change could increa
these behaviors are affected by the chamnge in th
The most straightforward example of how base bro
effective tax rates 1is the 1temized deduction fo
statistics in 2010, the avertage ndledwctailon nocm met
5.5% of income for those ¥Becha msne Afids to fs t$a2t0e) , 100 D
rates are progressive, 1income taxes paid as a sh
Using an examplrealofs t6a%,u tiofr yt hien cfoemdee t ax rate 1s

is deductible, the total tax rate that applies t
value of the tax deduction (0.35 timesti6odm, or 3
is eliminated or capped, the effective margimnal

then, disallowing the state income tax deduction
by 2.1 percentage poindgdd dodudctaxpmrnsyers claiming
Al though state and local income taxes make this
tax favored and applies at the mar @#Thewesuebgpehayv
of this marginal bfbadtenied avheom coogsifdiecamtgl y hat
supply response to changes 1in wages 1s a partici
purpose the average tax on the wage income of th
creditn heasst ibneact ed t o increascecombeumpmatidaicd ¢pawoman
reduction in that c¢credit, even though it does no
e f f3%Tchte. t ax benefit of excluding emmbdydhnmvieeahth
effect of marginal wage but could affect a parti
A recent CRS report estimated that, for taxpayer
neutral elimination of itemizedesdedacgebns would
uncha®Tgheed .e ffect was largely due to the eliminat
local taxes and charitable deductions which tend
Some provisions may have may gnotali nedfufccec tmuchm rtchse
within the budget horizon. For example, r1testrict
tax deduction for those who already have mort gag
for labor s uppelcya uisne tthhee schhooritc ersunhabve already be
affect individuals who plan to become homeowners
Some benefits are marginal in some income T anges
to employer pension prlea nlsi kaenldy 4t0Ool (rki)s ep Iwaintsh aeraer nn
high income individuals where caps are effective

34nternal Revenue Service, Statistics of Income 2010, Individual Income Tax Returns with Itemized Deductions, at
http://www.irs.goviiacSOI-Tax-Stats—Individual-Statistical Tablesby-Size of-Adjusted Grossincome

G.
Tax

Gravelle
Rates,”

%See Jane

Mar ginal p

s

and

G.
resented

Thomas WBroadewingradd,Effe&t€ 1 ar i f yi n

g
at the National Tax Associ

a

effects for several itemized deductions; &RIS Report R4243Fhe Clallenge of Individual Income Tax Reform: An

Economic Analysis of Tax Base BroadenimgJane
patterns are likely for many other tax benefits.

G. Gravelle and Thomas L. Hungerfarddich showed these

36 Nada Eissa and Jeffrey B. Liebmé&habor SupplyResponse to the Earned Income Tax CreQitiarterly Journal

of Economicsgol. 111, no. 2, May 1996, pp. 6837.

37 CRS Report R4307®Restrictions on Itemized Tax Deductions: Policyti@ys and Analysisoy Jane G. Gravelle and

Sean Lowry.

Congressional Research Service

R43381 - VERSION - UPDATED

13



Dynamic Scoring for Tax Legislation: A Review of Models

participation effects. An elimination of the <¢hi
hi gher 1 nbceocnmaecu slee voefl sphase out s, but increase the
limits on refundability.

The effecheofrabvbawe broadening depends not onl
how the change 1is made. hedeefaoamptepppngposasal sxb
which would leave the increased marginal tax eff
provide less revenue to permit statutory Trate r1e€
to raise eff eactteisvef onra rhgiignha i ntcaoxmer househol ds .
Addressing the marginal effects of base broadeni
income tax reforms and therefore adds to the gen
effects. Neverthatesslynlalné:cmssmagﬂglshatedoes no
offsetting effects and rests on statutory tax ra
reductions financed with base broadening, and po
are tnevga

General Issues With Dynamic S

Tax reform may not be revenue neutral, so that s
the macroeconomic analysis. Even a revenue neutr
whichgemebhdte supply side effects. This section
revision decreases or increases Trevenue or alter
di scussion addresses whether stimuduasndrwhe tolwedri n
the various supply side models are appropriate.
behavioral responses and how they compare with t

Shoul d Effects from Short Run Stimul us

noted briefly in the overview, there are seve
cause a tax cut to lose less revenue than a stat
should not be considengdinngdyrami¢ cvvevanuva smode
effects can be considered.
The short run stimulus effect affects aggregate
cut s . This increased smophdynggi naempldoyecdutrpegsdoub
who have lost their jobs and idle capital) As s
own spending and profits r1rise, the additional 1in
leads to additional productrceéeésn. aThkecalbldeds muve¢ irp
These effects only occur in an underemployed eco
price level) and they are transitory because eve
empl oyment wit3Blout the stimulus
There a number of reasons that this effect might
estimation. The mocsharmhgess ci mrtghitmetha p dsddadnmsthbael d
timing, as tax chanAgese romam eetl dt,aarxdt ctuata yrs ebweeur asreg u e
be viewed more favorably because it was enacted

38 SeeCRS Report R42700/ KH 3)LVFDO &OLII" ODFURHFRQRPLF &RQVHTXHQ¥HV RI 7D[ ,QF
Jane G. Gravellevhich reports the range of multipliers considered by CBO and discusses alternative models.
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A second reason for not including these effects,
Moreover, spending multipliewmg anmd ttippieal]l peman
part of tax cuts 1is mnot spent. I f the purpose of
decision would be better informed by comparing t
considering theneffbPnta ®»sEnsex dyhamatoestimates
when multipliers for different spending and tax
Third, the magnitude and even existence of a sti
behavior osf odbreatncaglu ntthrey Feder al Reserve System. "
measures to offset a fiscal stimulus with a mone
monetary expansion to keep output constant. They
keegiinnterest rates constant and strengthening t
anything in between. If, however, the Federal Re
policy would simply be one mode afdaxorutoocouwnie
increase would not affect output. When the JCT d
case where the Federal Reserve offsets the polic
of these transitory effects.

Shoul dc tEsf ffer om De bt Be Considered?
There i1is a somewhat more compelling case that th
considered, since, taken in 1solation, one could
spending through ddxttsowmy bbrothewialgai hni @« made t
pay for i1itself, t-hleomnanmpdlyizdyngindl wmdi mg stbatnld s up
effects on crowding out from debt might be appro
The cauguement tottkhkpendiaeaw ctutshhave the same t)
revenue increases, so that it may not be appropr
scoring i1is considered for both spending and tax
appiape.

The main uncertainty about the effects of debt i
foreigners. If all of the debt was financed by f
effect on revenues at Ileast within the budget ho
Noet that the intertemporal modecycl(eR)a msacnyn o tn fbien i

solved withou
temporary deb
in the Ramsey

Supply
Al t hough ther
changes would
when these pr
mo d e 18 str a
effe
1n t natur e
e

1

ct

h e
cases

Side

s.al nmed¢e¢ksp

resolution of the debt altho
is resolvededferwrttudhnl y hwi tilnt
because 1t is offset by priv

t S Oome
t t hat
mo del

Ef f
e 1 s
cont
oject
ightf

ects

little disagreement that 1incor
ribugleatiwne theopgys alto, etvlhd uadd
ions provide an uncertain or u
orward and easily can be used
orn particular, have results t
h

of the model, but which appear unr
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A Solow Model

Estimate

of an Illustrative Ta

The Sol ow moord,e lc aupsietsa Il aabnd technology to explain
particular to explain obser¥athate idsa,t ai ts ubcchg aars at sh
that could explain obsecrlvMtmomdhesl, s muecrthe ade ¢t chleo Ke d
the Great Depression. The Solow growth model was
making the labor supply a function of after tax
tax rate of return.

A simple version of h&hSiHsQ Gicdadne 1 b, e purseesd nttoe di lilnus tr
magnitude of expected feedback effects. Although
t he ytsa x ms, it roughly represents current taxes Wi
a 20% reduction in marginal tax rates on labor t
around O0.5% to 1% and revenue Weecdbasuvlhmingfehes w
capital stock i1is fixed, a fairly reasonable shor
elasticity of 0.1 and 0. 2, similar to the elastd:i
subsequently). Theselyemdback effects are relatdi
The feedback effects for capital income are s ome
time to achieve them. For example, if the capita
100% increase 1n 1nvesrtoome ncta p(ietiatlh eirn fflroows )s awoiunl gds
capital stock by only 3% For growth in the capi
showed that by the fifth year (the midpoint of t
adjustment i nhatdheo ctauprirteadl. st oc k

To illustrate the 7PD&fubbiebsl ea fOe.eld baancdk Oe.f2f elcatbso,r s u-
various savimgsordteiwobasheclbng run steady stat
elasticities are 0.0 and 0.4. A zero savings ela
used aggregate time series data to ®etimate the
estimates i*hAnt hiantf ilniitteer aetluarset.i ci ty is provided t
run effects (that i1is, savings mus-taxveatuwunh]y ri

Table 1.Long Run Revenue Offsets from Supply Side Effects in a Solow Model
Assumes a 25% Tax Rate on Labor and Capital Income

Labor Income Tax Capital Income Tax Income Tax
Labor Supply Elasticity: 0.
Savings Elasticity
0.0 4.4% 0.0% 3.3%
0.4 4.4% 14.5% 6.8%
Infinity 4.4% 48.9% 15.6%

39 Solow, Robert M. (1956);A Contribution to the Theory of Economic GrowtiQuarterly Journal of Economics

(The MIT Press)70 (1): 6594.
40See Eric Engen,Jan Gr avel l e,

National Tax JournalVol. 50, September, 1997,

and Kent Model .

pp. 6682.

Smetters, “Dynamic Tax

41 See Jane G. Gravell€he Economic Effects of Taxing Capital IncoléT Press: Cambridge, MA, 1994, p. 27.
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Labor Income Tax Capital Income Tax Income Tax
Labor Supply Elasticity: O.
Capital Stock Elasticity
0.0 8.9% 0.0% 4.8%
0.4 8.9% 15.2% 10.5%
Infinity 8.9% 53.3% 20%

Source: SeeAppendix .

Notes: In each case the effect on total taxes in the economy is considered. Thus a cut in the labor income tax
alone will affect labor income tax revenue and also capital income tax revenue.
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effects are not very diffe

For example, the feedba
vingstoelmastisignedficante
rge enough to fully offs
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un
icity 1is zer
er
is

o o "
~ 6 x 0

a
a
r budget horizon estimates, 1t 1s 1important to
reach tEEfeteadyreometabonrthaeaxbuldgat horizon a
-rfluiomm gst eady state. When capital income tax cu
izon tend to beruvmadtieacdy atstiatee tOwhdhre dmngffe
idcgda@arme itnax cuts with a 0.4 elastipotyt ofi aker
get horizon) only about 10% of the adjustment
’Sdrictly speaking, an infiandijtus temlemstt i diutty swad
g e t €
S e

(32

change 1in savings rate 1is mnot plausibl
type of mod to account for savings Trespon

O e S e ®Oo S0 o0

~

EGHhows the output effects for a 20% tax cut, :
fects might be gained.

[¢]

Table 2. Long-run Output Effects of a 20% Tax Cut in a Solow Model
Assumes afnitial 25% Tax Rate on Capital and Labor Income

Labor Income Tax Capital Income Tax Income Tax

Labor Supply Elasticity: 0.

Savings Elasticity

0.0 0.7% 0.0% 0.7%
0.4 0.7% 0.7% 1.4%
Infinity 0.7% 2.4% 3.1%
Labor Suppl¥lasticity: 0.2

“2Eric Engen, Jane Gravelle, and Kent Smetter sNatofaDynamic¢ Ta:

Tax Journal Vol. 50, September, 1997, pp. 6682.
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Labor Income Tax Capital Income Tax Income Tax
Capital Stock Elasticity
0.0 1.3% 0.0% 1.3%
0.4 1.3% 0.8% 2.1%
Infinity 1.3% 2.7% 4.0%

Source: SeeAppendix .

Notes: In each case the effect on total output in the economy is considered. Thus a cut in the labor income tax
alone will affect both labor and capital inputs. The effects are derivedgoradl change and evaluated at the

midpoint between the old and new rate, 22.5%.
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43 Joint Committee on TaxatioMacroeconomic Arlgsis Of Various Proposals To Provide $500i@& In Tax
Relief, JCX-4-05, March 1, 2005 ttps://www.jct.govpublications.htmlifunc=startdown&d=1189

44 For a review sed@ennifer Gravelle;Corporate Tax Incidenc&eview of General Equilibrium Estimates and
Analysis ~ National Tax JournalVol. 66, March 2013, pp. 18514.A working paper version can be found at
http://cbo.gowitestefaultfiles/cbofilesftpdocsl15xxdoc1151905-2010working_papercorp_tax_incidence

review_of_gen_eq_estimates.pdf

45 CRS Report R41743nternational Corporate Tax Rate Comparisons and Policy Implicatiopdane G. Gravelle
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“Douglas W. ElmendorRateTIChahfgfosctonofHohstedonddt
Reserve Board, June 96 http://www.federalreserve.gqwibsfeds/1996/199627199627pap.pdf

47The Ramsey model was originally a social planning model: a prescriptive rather than desoopevevhere
treating society as a single infiniteliyed optimizer representing society was appropriate. See FraRrRsey; A
Mathematical Theory of SavingEconomic Journalvol. 3, 1928,pp543-559. In a history that is somewhat
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ype of n
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psction
a

and C

complicated, it camé& be used as an alternative model of both growth and of business cycles. Some economists who

were dissatisfied with the ad hoc treatmentasfisgs in the Solow model asdme who werdissatisfied with 19.M
type models of business cyclebere problems arose through the lack of market clearing padapted the Ramsey
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model both as a descriptive model of growth and as a model that could explain businesbropdbsormal market

behavior Basically business cycles, in this view, oced because a shock that caused wages to rise or fall temporarily

caused workers to increase or decrease labor supply. In other words, unemployment during business cycles was

voluntary rather than involuntaryhis developmetn particularly for businessycles, has beewas criticized by many

economists Se e, for example, Larry Summers “Some Skeptical Obse
Federal Reserve Bank of Minneapolis Quarterly Reviek 10, 1986 pg.22 7 and Robert 8Bolow, “The S
Macroeconomics Journal of Economic Perspectiveol. 22 Winter 2008 pp.243-249. Short termmacroeconomic

forecasting, both government and commercial, remains rootedLiM I®odels with sticky prices and wagesd

usually multiple sectors. S&RS Report R42700,7KH 3)LVFDO &OLII" ODFURHFRQRPLF &RQVHTXHQFF
and Spending Cutdy Jane G. Gravelléor a discussion of mainstream estimation.

48 Alan J. Auerbach andaurence J. KotlikoffDynamic Fiscal PolicyCambridge University Press, New York, New
York, 1987.

49 See, for examplephn Diamond, The Economic Effects of the Romney Plan, August 3, 2012
http://baerinstitute.ordlles/474f John Diamond and George Zodrow, The Dynamic Effects of Eliminating or
Curtailing the Home Mortgage Interest Deduction, December 7, P@tp2/bakerinstitute.orgiediafiles/Research/
b93d8df4TEPRpub-DiamondZodrowHomeMortgagelnterestDeductit20712.pdf

°The large increase in labor s upp thgCaimmtaxiproposal]whichndidnolT a x Co mmi |
indicate a change in effective tax rates on capital income, cannot be explained by the difference in labor substitution

elasticities, Overall, the JCT estimated an increase in labor supply in the first five ye&8% af the MEG model, but

of 1.4% in the OLG model. The substitution elasticities which should govern these effects were 0.2 and 0.24

respectively (as shown belowTiable 3 andTable 4). This elasticity difference suggests a 20% increase 024h

labor supply, which would support a supply response of 0.4% increase in labor supply in the MEG model, not 1.4%. A

separate study of the Camp proposahcot hored by the model’s developer found a
slightly higherelastii t y, 0. 28, consistent with the MEG results but no
and George R. Zodr ow, Dynamic Macroeconomic Estimates of t
Proposal, Tax Policy Advisers LL@repared for the Buséss Roundtablénttp://businessroundtable.osgéstefault/
files/reportsDiamondZodrow%20Anaysis%20for%20Business%20Roundtable_Final%20for%20Releas@pelf

difference in labor supply was responsifileclose to half the difference between the GDP growth of 0.2% in the first

five years under MEG and the growth of 1.8% under the OLG model ehteining difference is from the shifting of

intangibles discussed on p. 17.
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However, the effect of a change in the tax on <ca
labor supply response to a change in the tax rat
intergenerational dome¢erfibutsoarefrepkasedhbn can
also have important effects on labor supply, as

Are the Explicit or Implicit Responses
Consistent With Empirical Evidence?

Even in the same modede¢peondijrgtoonsheampadamdters
mo del Before examining the effects in models, a
order. This evidence includes standard labor sup
savingsmamenpe wage differences), savings elastici
elasticities, and Frisch elasticities (intertemp
to the Solow model, while all matdelsinto or <can

Standard Labor Supply Elasticities

The elasticities discussed in this subsection ar
permanent wage change (such as one that would ar
type of sweppbyinespponsated in all of the dynamic
Frisch intertemporal elasticity discussed bel ow
As mnoted earlier, the labor supply 71 esspeoniste to a
is the result of a positive elasticity of substi
A large body of evidence suggests the labor supp
across workers, nd a n sbpeo nnseeg aatpipveea rfso rt omerne. f [Tehci
and substitution elasticities that are small, S 0
marginal relative to average rates (the first af
income), thebaespaohlse Whiud devidence includes his
section econometric studi°Muc ha nodf etshtei mantteesr efsrto na
challenge 1is estimating responses rtrelated to the
fractigmnoafhHh Wdbbies not participate in the labor ma
produced larger, although varying responses. In
married women in the labor marketndabavacheaosmd,
more like ®hose of men

A recent survey of labor supply responses of men
inelastic The mean (average) of the studies was
indi ted s ubsittiht vat inoena ne loafs t0i.c3ilt yynwd a median of

51 One study of labor supply used cross country estimates, comparing labor supply in the United States with other

countries. This study argued that cross country differencestreflat t a x rates. See Edward C. Pre.
Americans Work So Much More Than Eur opuadenyRevief@Julf e der al Rese
2004, pp. 213, http://mww.minneaplisfed.orgfesearchyr/qr2811.pdf Alberto F. Alesina, Edward L. Glaser, and

Bruce Sacerdote, “Work and Leisure in NBERMAddmecanemics St ates an
Annual2005, ed. Mark Gertler and Kenneth Rogoff, vol.20 (Cadg®i MA: MIT Press, 2006), pp-84 attribute the

crossnational labor supply differences mainly to differences in unionization and labor market regulations.

52 SeeCRS Report RL31949ssues in Dynamic Revenue EstimatingJane G. Gravelléor an extensive review of
labor supply estimates. See aBBS Report R4211Tax Rates and Economic Growlly Jane G. Gralle and
Donald J. Marplesfor historical charts and updated evidence.
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2011), Table 6, p. 1042. Averages for the total labor sugiphticity (Marshallian) and the elasticity of substitution
(Hicks) are provided by the author; the remaining mean and the medians were calculated by CRS.

54 Robert McClelland and Shannon Ma@kReview of Recent Research on Labor Supply ElasticiMésrking Paper,

Congressional Budget Office, October 12, 201f://www.cbo.gogitesfiefaultfiles/cbofilesattachmentd 0-25-

2012Recent_Research_on_Labor_Supply_Elasticities.pdf

55 One problem with an intertemporal model with an infinite horizon is that either a positive or negative labor supply
elasticity is incompatible with a balanced growth economy; otherwise Wedadd grow to fill all available time, or

shrink to virtually nothingThe CBO OLG modelfor exampleassumes a zero labor supply elastiGitcome and

substitution effects offset each other) which is compatible with a model where wage rates growdlyd&iodels

that do not have a zero labor supply response have to assume some time dependent change in tastes for leisure versus
consumption to be compatibléth growth

56 SeeCRS Report R4211T,ax Rates and Economic Growtly Jane G. Gravelle and Donald J. Marpfesdata on

participation and hours.

57 These studies are reviewedliane G. Gravell&lhe Economic Effects @axing Capital IncomeCambridge, MA,

MIT Press,1994, p. 27T h e
Tax Reform

mo s t
on

recent

Cambridge MA: The MIT Press, 1990.

study

wa s

Jonat han
P BorTaxesnMatter? Thienpacthofthe Tax Raform Act of 198&l. Joel Skerod,

Skinner

and
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Intertempo

ral Elasticity of Substitution

Partly because of the grdoewisng riemteearrecshte risn biengtaenr t
intertempor al substitution elasticities rather t
intertemporal elasticity of substitution (IES) n
consumption diinvitdwod pbeyr itohdesi r rel ative prices. Fo:
the price in the second period relative to the f
money 1in the second period, wherentage ¢thengéeten
price is the change in r divided by (1+r). The I
arise from shifting consumption to the future, a
intertemporal shifting of leisure.

Empi stawalies have |l ooked at changes 1n macroecaonc
casaensd have used i1indiviidiu aolt hceassst umpt comn hbekdwas o
pioneering study of intertempor &Who ubound utthotn e
the elasticity was extremely small, could be =zer
than 0. 2. Early surveys ibfes$ hef v@Madsst 1seudtstedqutehnet
studies producedablilhetghistomse betpwl #r §¢ ones we
Recently -anhbhygesméta anal ysis that combines dat
the TI'ES across many countries found an overall e
for tkhe SUntets WAbowpt elparfdthe 169 studies were b
aut hors cautioned that the estimates were aimed
in value because of publication gbniiazse.d Piunb Imacnayt i o
fields. Basically 1if theory indicates an elastic
peer rtreviewers are less likely to recommend publ
researchers, expeptubhgshhaguntekdl nhoodoofubmit
often involve a fee), or even prepare a working
been made, because of the fundamental theory of
( paratrilcyuli f the true value is low). Publication |
and substitution elasticities are probably too |1
One ofauvthltorrcson @fmatllyiss smstudbsequently puwblltisshed th
after correcting f o%Thees tciomarteecd ipounb liincdaitciaotne sb itahsa.
macro aggregate studies is zero (as Hall origina
across studies for otyhefrorc hmircarcot esrtiusdtiiecss )( wthhiec he |
quarter of the studies) was 0. 22, He also report

58 Robert EHall, R.E.,“Intertemporal Substitution in Consumptjodournal of Political Economyvol. 96, no. 2,
April 1988, pp.339-357.

59 Auerbach and Kotlikoff report the results of nine different studieish ranged in value from less than 0.1 to more
than 1. The median value was around 0.3 and a weighted average of eight of them usingthet miccach range
(and excluding a study by Mankiw, Rotemberg and Summers in which it is clear the autharstwery satisfied

with the model) yielded an estimate of Q.8@eAlan J. Auerbach and Laurence J. Kotlikdfynamic Fiscal Policy,
Cambridge University Press, New York, New York, 198fey adopt a value of 0.2Blmendorf undertakes a survey
of the sudies most commonly cited and obtains a weighted average of 0.37; he uses 0.33 in [8selwlglas W.

El mendor f,

“ThRaEetf Changesl one Houts e hol d ReserveBogardand Cons ump
June 199¢http://www.federalreserve.gquibsfeds/1996/199627199627pap.pdf

60 C Tomas Havraneka, Roman Horvathb, Zuzana Irsovab, and Marek RusnaksCQuosy Heterogeneity in
Intertemporal Substitutigrinstitute of Economic Studies, Faculty of Social Sciences, Charles University in Prague,
http://ies.fsv.cuni.catifpublicationshowid/4868langkts A metaanalysis doesot simply average results of studies
but weights them according to the number of observations and sometimes by confidence intervals.

61Tomas Havranek?ublication Bias in Measuring Intertemporal Substitution, Czech National Bank and Charles
University, Pague, September 16, 201tp://metaanalysis.c&iskis.pdf
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holders was 0. 36. His preferred estimate with va
asset hoddreals,, am IgkS for asset holders would be
identified a separate group of liquidity constra
the elasticity for asset holders wodadeddbaes twol hi
as micr o, then an ITES of zero to 0.2 might be 1in
Note also that other types of estimates discusse
standard labor substitutio elasticities already
elasticities discussed subsequently, may also be
only estimates in the direction expected by theo
There are two caveats about the mpirical eviden
the iemat es have considered periods t hat are c¢cl os«
applied over many periods of time and i1s deter mi
elasticity of substitution.gdMoist tofe tthex efdteectomn
income arises from reducing current consumption
future. Ye t , basic economic theory suggests el as
together per icotdesd woou lbde bcel oesxepre substitutes than
I'ES estimate should be an upper bound.

The second, and perhaps more 1important, concern
the nature of the ugpdndy tHfanchdwges lienstuhe nmrdtso
generates a significant short run labor supply
response, which can dominate the e f%Beacltlsarwlhen t a
a discthesantmteftemporal model sinfAhygts omel ettt one
model that generates a large elasticity of labor
in th¥Badhr&rd believes that thbocostpplying ofite
is crucial to modeling and that this can be achi
available supply of leisure)

Frisch (Intertemporal Labor Substitution EI a
The Frise¢ely,ewhsthcestimates the response of work
t i me, is not likely to be of imp%‘lrttainsc,e h mweawme ma,n
parameter that has been estimat ecdi taineds ciann tbhee c o n
intertemporal models As 1is the case with standa
other parameters in intertemporal models.

There are two types of estimates. Some are from
behavamrt iome . These elasticities tend to be smal
also estimates from aggregate micro data, whi ch
macroeconomic estimates are largeby bhsebuenness

62 |n simulations of intertemporal models where a consumption tax was substituted for an income tax in a revenue

neutral change and the watgex actually increased, labor supply increased by significant amounts throughout the first

ten years and dominated the change in output. See

Models: Why They DoNatiomakTaxidurnah\plks 50, Saptembed 1097, pp. 6682.

63 Comment by Charles Ballardpint Committee On Taxatipifax Modeling Project And 1997 Tax Symposium
Papers Joint Committee Print, November 20, 1997, posted on the JCT websitpsatwww.jct.gov/
publications.htmlfunc=startdown&d=294Q

64 An exception would be where a tax cut today is offset by a tax cut in the future as a way of dealing with the
requirement that deficits must be offset in intertemporal models.
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cycle. They rest on the assumption that unemploy
models of business cycles consider workers who 1
largely involuntarilyye’dAns mmiagedome vndempsmpbdé u
is involuntary, these estimates overstate the Fr
The micro data studies largely concentrate on th
response with profilesBootfh wahgoews aann di nhvoeurrtse do vUe rs ht
hour s hen young and when old, and lower wages W
shapes are quite differe®ht, which leads to 1lower
Turning to the microeconomiscc hd aetlaa,s tKiecaintey asltsuod iseu
hours of work. He lists 13 studies with a mean e
greatly influenced by one outlier (of 6.25); wit
median value wesof.B8He adthdugdh kad values cluste
while the others varied substantially.®CBO resea
They relied on microeconomic evidence. As discus
elasitties for married women tend to be higher th
women also appear to be declining, ¢ dsnsliasbtoernt wi
supply response is becoming merwes Illiake rt fatr cef me
participation elasticities, where studies have b
the authors suggest a range of the Frisch elast:i
0. 4. Neither of ahé¢sewhvbpudpbaendr € fFore KedmBsch el a
summary, including this study would reduce the
A Note on Time Endowments

One of the most important, and yet b&ben largely
supply response in intertemporal mo®IBeelcsa uusseed t o
choices are made with a wutility function where i
leisure demand has to be trrraensspoantdedn cientboe tl mebeomr ts

5 SeeCRS Report R427007 KH 3)LVFDO &OLII’

ODFURHFRQRPLF &RQVHTXH@FHV RI 7D[ ,QF

Jane G. Gravelldor a further discussion of differences in macroeconomic models.

66 A number of studies have criticized either smaller or largeclresasticities on a variety of grounds. For example,
Keane and Rogeergue that the low elastigis in micro studies for men could be higher if human capital formation
were considered, although responses to transitory effects would be smaller tlesponse to permanent changes in

thewage profle See Michael Keane

Assessment of

and Richard Rogerson, “Micro and

C o dournahof Econamicl Litef&tiureyal. 8Gnno.’2 (June 2012), pp. 4646.Card,

however, questions even the small elasticities. He provides diagrams showing wage patterns of those with elementary,
high school and college educations They show very different patterns of wage growth (i.e., wages of college graduates
tend to rise initially ad for some extended period of time, while wages of those with elementary education change very
little). These groups have very similar lifetime working profiles. This evidence suggests that there is little relationship
between wages and work effort; ratheen begin working when they finish schooling and reduce hours slightly when

they get older. David

Card,

“Intertempor alAdvhngdsinr A

Suppl y:

EconometricsSixth World Congress, New York, Cambridge Univer§itgss, 1994.

67 Felix Reichling and Charles Whalen, Review of Estimates of the Frisch Elasticity of Labor Supply, Working Paper
201213. October 2012http://www.cbo.gowgitestiefaultfiles/chofilesattachmentd/0-25-2012

Frisch_Elasticity_of_Labor_Supply.pdf

8L aurence Ball,
Inquiry, vol. 8, no. 4 (October 1990), pp. 7@84.

“Intertemporal

Substitution EBcandmicConstraint

69 This time endowment is effectively set by setting the shares of leisure and consumption in the utility function. Since
consumption and labor are known, this parameter sets the amount of leisure and tiheetetedowment.
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driv théArbdngéeonshmep. endowment, which allows
caus all of the labor supply elasticities to b
If this measure 1s set 1indepemndgemnttl ys,h otuhledr eb ea.r eA
hour work week is 24% of the total hours in a we
however, a biological need to sleep. If a 40 hou
assigned to sleep, thhe dHbaweewcof Werkuvre wmeywl Habe
lunch hour, and spend some necessary time commut
benefits such as lower housing prices), househol
American Ti men dUscea tSeusr vtehyat t he ratio of Ileisure |
43% for men aged 35 to 44 and 47% for women 1in t
relatively steady throughout the ’pQni mavreyr awgoer ki n g
men between ages 35 and 44 work 42 hours a week
of those who are not i1in the work force). Wo me n ,
house work and care of family members.

Anot her way of ciosn stihdaetr iinfg itth iwse ries sauses umed t hat
available for a full time worker 1s 0.5, then th
(work 80 hours a week) which would imply 10 to 1
asssmed that wup to another half time job could be
The first study by Auerbach and Kotlikoff set th
would lead to a leisure shrar440 ofournsmef an 90 6wasls
hou?Isnp .another early study, Fullerton and Rogers
which would sugdlAectorainlgate efir@ent data average
who usually worfkof udll "Newmehemsds 88dy had a discus
for their choice. Current or recently used model
available.

Comparing Empirical Estimates to Estimates i

This sect ihoen eesxtainmanteess tused in the mod@éeds (prima:
summarize the review, Itahbemreomdemkaedbssiugrgeys tQ. 6 han
minusl,0the s ubsbteittveteinddd0f.e0t aa¢ntdil eboy lespplt haaml asti
0.83he savings 71 at e uetl ansot imoirtey tahrhoeu Mdn 4zeerrfoe mp ®o 1 & 1 v
substitutdlbmuBdoarls ¢licasnsd yt he Hr i5s colr Neble¢ aessttihcaitt ye x ¢ e |
for the 1intertempmroanle soufb stthietswt iesnt iemlaa setsi chiatvye b «
publicat itohmwebuilads ,praonbda bl y be s maller in absolute

TDEGHhotWwe talues in the Solow models. The labor i
all three models are consotsé¢dndBlove ¢ hr ¢ shseu reynpsi tru &
low on the elasticities fqirt |liasbwartd di mtelweimeh iagnhd s u b
the savings elasticitythdAldlaonged¢ hgsgegebstas diaaborva

70 Some models enter labor as part of a negative additive utility and there is no time endowment issue, but that is not
the case with the models Trable 4.

71U.S. Department of Labor, American Time Use Survey, Takht3,//www.bls.gowiews.releasafus.t03.htm

72 Alan J. Auerbach and Laurence J. Kotlikdfnamic FiscaPolicy, Cambridge University Press, New York, New
York, 1987

73 Don Fullerton and Diane Lim Roget&/ho Bears the Lifetime Tax Burdéfashington, DC, The Brookings
Institution, 1993.

74U.S. Department of Labor, Household Data, Annual Averages, TabRei$bons at Work in Agriculture and Non
Agriculture Industries by Hours of Work, 2012.
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substitution elasticity of less than 0. 3. Not e,
impact, so thaargiechbhngedthue¢erage mates the s ame
the effect in the CBOomedal sasthatthhel]l CCTmmddeEk]l
Sol ow model, but rather has an intertemporal mod
Table 3. Supply Elasticities in Solow Models
Joint Committee on Congressional Budget
Elasticity Taxation (JCT) Office (CBO) Treasury

Labor Income -0.10 -0.05 0.00

Labor Substitution 0.20 0.24 0.0

Total Labor 0.10 0.19 0.00

Savings NA 0.20 0.40

Source: Joint Committee on Taxation, Macroeconomic Analygi¥arious Proposaltwo Provide $500 Billion In

Tax Relief, February 2013,J&)05, March 01, 2005, dittps://www.jctgovpublications.htmf@nc=startdown&

id=1189 CongressionaBudget OfficeThe 2013 Long Term Budget Outlook, September 2013, p. 82,
http://www.cbo.gowditesidefaultfilestbofilesattachmentsf452:L TBO2013_0.pdfRobert Carroll, John

Diamond, Craig Johnson, and James Makie Ill, A Summary of the Dynamic Analysis of the Tax Reform Options
B3UHSDUHG IRU WKH B3UHVLGHQW -V $mYUS. . epardrizq of e R@agutyGoifldddod 7D[ 5HIR
Tax Analysis, May 25, 2006, prepared for the American Enterprise Institute Conference on Tax Reform and

Dynamic Analysis, May, 2006.

Notes: The JCT model uses a lifgcle consumption approach to savingsh an IES of 0.28nd indicates that

the long run elasticity is 0.29. Presumably the adjustment is more rapid than in a standard Solow model. JCT and
CBO also provide sensitty analysis with labor supply elasticities, Theirdijele elasticity appears tme slightly

higher than that suggested in the metiaalysis.

The elasticities 1in the intertemporal model mus:t
directly entered into a model that hasarme utility
the intertemporal elasticity of substitution (ov
leisure and consumption, and leisure as a share
on leisure and consumption in the utility functi
Toconvert leisure demand into labor supply, the s
leisure (which is one because of the nature of t
of eisarbour s( aaswauimianbgl ¢ ho-mebos HRbheo mirgirsch el ast.i
is the ratio of leisure to labor, multiplied by
intratemporal substitution elasticities (with th
The other interabmposapptlbagtheithhaongel in Iabor
future consumption changes through changes in th
multiplied by the elnasetritceimpyor al substitution

TDEQH ports both these direct and derived el asti
along with asd¢bmmgtidoonnsi onfasdtea diant $ otnh boyf otnhee oaru tbhoo r
of the -Dodmlwid model. Note t HRDEAH nhy Rame emo dmeoldei
(the TredBAlrly howfodalt ertemporal e Iwailstthiec ietmpeisr iacrael |1

> The values change slightly with income used for consumption, which raises the substitution elasticity and lowers the
income elasticity. For example the JCT impliedsgdty would be 0.17 if 25% of consumption came from other

sources and the incomes elasticity would be 0.27 rather than 0.30RSeReport RL31949ssues in Dynamic

Revenue Estimatg, by Jane G. Gravelléor the conversion formulas.

76 A working paper discussed the parameters of the CBO Ramsey model. Its principal difference from the CBO OLG
model was assuming a leisure share of hours of 0.5, rather than 0.4, which increelsssithties. See Maria I.
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t h

eviddAsncendi/DEOQOHI ni ncontrasts ttohd hiem@Bloil odv Imoed s v
elasticittiktshase dmpihreircal ly estimated in the CB
and the Diamond tax reform. A large part of the
share of tiyneal sad ttheoomd ht ¢ hleave larger substitut:i
elasticities are too large in absolute value and
bending labor supply (in contrast tothke Sol ow n
Treasur yanRlamsia@amondmdd«el Rewiotrlm t he 1 owest in the
Z o d rHoow ssitnugd y . Since the form of the wutility func
demand for leisure to be one,e tohfeGremmarlawdk st ar e d
empiricalheesFriinsacthe se,l atst i city is too high in the
general range in the rest ofinthetmmpgetal Fabhetly
response to theprobuadblgsberadosehodowl dero since

any reBlpeomsaere largest in the Treasury models an

Table 4. Elasticities and Parameters in Intertemporal Models

Diamond
Joint Congress Diamond Diamond Zodrow
Committee -ional Study of Zodrow Study of
on Budget Treasury  Treasury Tax Housing Camp
Parameter Taxation, Office, Ramsey OLG Reform Study Proposal
or Elasticity OoLG OLG Model Model OLG OLG OLG
Intertemporal 040 033 0.25 0.35 0.9 0.3 0.40
Substitution
Elasticity
Intratemporal 060 1.00 0.8 0.60 0.8 0.8 0.80
Substitution
Elasticity
Leisure Share 040 039 0.0 0.5 0.45 0.0 0.35
Implied Labor 0.24 039 0.48 0.30 0.36 0.24 0.28
Substitution
Elasticity
ImpliedLabor -040 -0.39 -0.60 -0.5 -0.45 -0.30 -0.35
Income
Elasticity
Implied Frisch 024 0.50 0.71 0.48 0.54 0.28 0.36
(Intertempora
| Labor Supply
With Respect
to Wages
Holding
Interest Rates
Constant)

Marika SantoroThe CBO InfiniteHorizon Model with Idiosyncratic Uncertainty and Borrowing Constraik¥®rking
Paper 20098, October 200%ttp://www.cbo.gowgitestlefaultfiles/cbofilesftpdocsi06xxHoc10683200903.pdf
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Diamond
Joint Congress Diamond Diamond Zodrow
Committee -ional Study of Zodrow Study of
on Budget Treasury  Treasury Tax Housing Camp
Parameter Taxation, Office, Ramsey OLG Reform Study Proposal
or Elasticity OLG OLG Model Model OLG OLG OoLG
Implied 016 021 0.3 0.35 0.41 0.13 0.22
Intertemporal
Labor Supply
Elasticity
With Respect
to Prices
Holding
Wage Rate
Constant

Source: The Joint Committee reported increased elasticities for the OLG model in its most recent analysis.
ODFURHFRQRPLF $QDO\VLSFRV WIKH -ZB{A&Eebriaty R6, 2014ttps://www.jct.gov/
publications.htmf@nc=startdown&d=4564 Formerly the elasticities (in order as listedTiable 4) were 0.25,

0.50, 0.30.0.150.30, 0.18, and 0.11. Skkacroeconomic Analysis Of Various Proposals To Provide $500 Billion
In Tax Relief, JCX-05, March 01, 2005t https://www.jct.goypublications.htmf@nc=startdown&d=1189

Shinichi Nishiyama, Fiscal Policy Effects in a Heterogewaymrd Overlappingsenerations Economy With an
Aging Population, Congressional Budget Office, Working Paper-@01Becember 2013 atttp://www.cbo.gov/
sitestefaultfilestbofilesattachmentsf494tNishiyama.pdfCBO lowered their elasticities in this paper. For
Treasury studies, see Robeatarroll, John Diamond, Craig Johnson, and James Makie Ill, A Summary of the
'"\QDPLF $QDO\VLV RI WKH 7D[ 5HIRUP 2SWLRQV 3UbhSbdétdlGaxRU WKH 3UHVLGH
Reform, U.S. Department of the Treasury, Office of Tax Analysis, May 25, 2006, prepared for the American
Enterprise Institute Conference on Tax Reform and Dynamic Analysis, May, P@®@cademic studies are from
John DiamondThe Economic Effects of the Romney Plan, August 3, 2008pt/bakerinstitute.ordilesA74/.

John Diamond and George Zodrow, The Dynamic Effects of Eliminating or Curtailing the Home Mortgage
Interest Deduction, December 7, 201Bttp://bakerinstitute.orghediafilesResearcii93d8df4TEPPpub-
DiamondZodrowHbmeMortgagelnterestDeductieh20712.pdfJohn W. Diamond and George R. Zodrow,
'\QDPLF ODFURHFRQRPLF (VWLPDWHVY RI WKH (IIHFWV RTa&RdidcyUPDQ &DPS.V
Advisers LLC, Prepared for the Business Roundtdtitp://businessroundtable.ositesHefaultfilesteports/
DiamondZodrow%20Analysis%20for%20Business%20Roundtaldi®ocBdfor¥%e20Release.pabrmulas for
converting the first three parameters in supply elasticities can be fouGRB Report RL3194%sues in

Dynamic Revenue Estimabiyglane G. Gvelle Appendix CNote that some of the information used to obtain
estimates was provided directly by the authors and does not appear in the publications.

Notes: Implied labor substitution and income elasticities are calculated assuming only wage:. ilicapital
income exists, the substitution elasticity elasticities would be higher.

I's it possible to makeethsotbtswdhhuls imog btdlr b etaidmet
endowment as a tool to fit the model to evidence
intertemporal elasticity at 0.2, consistent with
elasticity at 1.5 sanat tthel 3.eiBher tsthe rlea bdr hsowmbrs
be 0.225, the incOmbehtddarsd iwdiugihdt whpaolsad tsheve el a st i
total labor supply. The Frisch elasticity would
fo shares of consumption and leisure), at the 1o
bias, andotfhdwaidtoha srteiscpiotnys e t o price change would
be very troubling.

Note that the CBO motdaeilntiy. aGenmelread | lwy ,t hu micnecret a i n
precautionary savings that aimnd motl owen'§ saivia gtso It

“TEngen, Gravelle, and Smetters included a comparison of a myopic OLG model with fixed labor with and without
uncertainty. Introducing uncertainty redddbe effects by more than half. However, that may not be similar with
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Conclusion: Are Intertemporal Models 1
Determining Feedback Effects?

Economi st st ewe rteo aitnttrearct e mpor al models because th:
treat menti nofSoslaow fgwsdedsr, intertemporal model s a
and modelers appear in some cases tsocmakedl ittle
with labor supply to the ones fisaddi nhnatshmppastal
c ome ‘tbluats,e as illustrated, 1t is possible to ¢ om¢
idence, while at “sthhoeo tsienmgd avtink tehamil mibmirz ismg pl y 1
t he iJn@E ralssto riartceyacrlpeo realteeme nitisf ein t heir MEG mg
e labor supply responses to rates of retur
tution eolnassutmpctiitoine sa cbreotswse efnarc apart period:
rest on unproven, and probabfysubstasanabh
n consumption amounts t hat are ten or t wen
mporal models do more harm than good, at 1
dget horizon, especially when parameter ch
rate of return

T I R R ¢
o8 0o ~¢c B 0 <

rtemporal modkgrosngrensnne hrgenpeohirdte btahce f i r st
IOE@HIt no measure of the 1 ei sousrsei bslhearteo of t i
uate on he bad°Somefimbsievpublhshednwmank. in

1 e CY and @gBOvidpdrt alWi tthhoeuitr trheel e van
under stand tt hien froordneal tsi ol ma nodn ptahret itciu
hese models become 1impossible to ev

B0 —< o3
an o =
oo wm —c oo

oODT o0 0 < —

endogenous labor. See Eric Engen, Jane Gravelle, and Kent
Thi ngs TNatiogal TBxoJoutnalVol. 50, September, 1997, pp. 6682.

"8 These estimates are summarized in the footncfale 4.
7® Even accomplished modelers Diamond and Zodrow do not report this value in their lakeSeeoJohn W.
Di amond and George R. Zodrow “Promoting Growth, Maintaini

n
CGE Simulations of a Te mpor Public FiRGACE ReVieywold 41,fno. 56 Nobember, Re duct i on
2013, pp. 85:884. They chose a value of 0.4 for the IES and 0.8 for the intratemporal substitution elasticity.
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Appendix. A Si mple Model of Feedba
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The feedback response from the 1abdr 3% x,0 assumi
6.6%, 1t 1is 2.4% to 4. 8%.
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If capital income is also subject to tax, t hen t
and taken into account. If taxgd +atE)tjhe wsha meh riast
1.6%. Adhiorxgstpontsescl+aEEr.]/ AL 1this example 1indic
board tax the feedback effects are not much diff
effects (3.2% and 6.4% rather than 3.3% and 6. 6Y
These resuled ¢oanshbwoibheresases in output. In th
fixed, the percentage change in labor for a give
same as the feedback effect i1in (3)e bmutl tsiipnlciee dl a b
by the output share (0.75). The result is the sa
t a rate would increase output, with an elastici
t h 0.2 elasticity the result would be 1%.

Tk previous short run model had a fixed capital
the wage rate W and the labor supply, L. A Solow
growth over time in capitwmwd, atnldatf epadibmictks ed feka s
Capital can grow not only because of a change 1in
income generates capital to go along with it eve

In the long rumnsatle avday isatba tees,, aodidiptut ( Q) and t h

(8) dQ/ Q = )addK/LK +( 1

which indicates that the percentage change 1in ou
changes in capital and 1labor.

In addition tehtee rsnmaivniendg sb yr atthee ias§f tde het aaxreatenon

(9) ds/ sd# etBsy (dR/ R

Finally, in the steady state savings equals 1inve
(10) gK = sQ

where g is a constant exogenous growth rate of »p
(11) dK/ K = ds/s + dQ/Q

These resul fBPE@HMdADEQKH Wori marious elasticities.

The feedback effects, which @a)lEshawadt he ¢es amd dna
by tjy(have the following numerators:

(A) Labor thageakange iwcoome tax 1in place: E(1+Es)
(B) Capital income tax change with general 1incon
(C) Income tax changa) Koh+Esa)pitaHs ahdE) abor ) : (1

Output effects can also be caboul anddeaf)pr taheaso
dL/ L+adK/ K.
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